In this paper we re-examine commercial banks' lending behavior taking into account changes in the stance of monetary policy in conjunction with changes in financial sector uncertainty. Using a very large data set covering all banks in the US between 1986-2000, we show that financial uncertainty has an important and significant role in the monetary policy transmission mechanism that varies across bank categories and the strength of banks' balance sheets. While there is some evidence of a bank lending channel for total loans, there is no evidence of such a channel for commercial and industrial loans in our extended model.
Introduction
Understanding the role of commercial banks in the transmission mechanism of monetary policy is essential in explaining the effects of a policy change on the aggregate economy. In seeking to evaluate the effects of monetary policy, research using bank-and firm-level data has unearthed considerable evidence that the impact of changes in monetary policy go beyond the simple textbook interest rate channel. In particular, Kashyap and Stein (2000) (hereafter KS) used the Federal Reserve System's Commercial Bank and Bank Holding Company database to study the impact of monetary policy on bank lending behavior for banks with differing degrees of liquidity, focusing on the period between [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] . KS have shown that smaller and less liquid banks would reduce their loan supply in response to contractionary monetary policy as their ability to raise reservable forms of financing is compromised. As KS point out, another reason for small banks' curtailment of loans is that these banks cannot sell non-reservable liabilities due to a failure of the Modigliani-Miller proposition. These changes in bank lending behavior, particularly affecting bank-dependent borrowers, have important implications for firms' financing behavior as their impact compounds the effects of changes in interest rates.
In this paper, we argue that banks' lending decisions depend not only on the stance of monetary policy but will generally be affected by the prevailing level of uncertainty in the financial sector. The intuition underlying our reasoning is that profit-maximizing banks will make decisions to extend loans to present or potential customers based on the current stance of monetary policy as well as on the level of uncertainty in the financial sector, over and above the constraints posed by regulatory authorities and borrowers' creditworthiness. 1 In that sense, Kashyap and Stein's model-as well as other models in this strand of literature that investigate the transmission mechanism of monetary policy without taking uncertainty into account-could be misspecified. Such models could lead to biased conclusions due to the exclusion of relevant explanatory variables. Hence, we investigate the impact of changes in monetary policy on bank lending behavior by incorporating financial sector uncertainty into the KS framework. In our extended model, we also include several bank-specific variables which gauge bank capitalization, excess capital and access to internal capital markets.
To achieve our goal, following KS' strategy, we use the Federal Reserve System's Commercial Bank and Bank Holding Company (henceforth BHC) database which contains information on all commercial banks regulated by the Federal Reserve System, the Federal Deposit Insurance Corporation and the Office of the Comptroller of the Currency. Our extract of this data set covers essentially all banks in the U.S. on a quarterly basis from 1986-2000, with over 15,000 observations per quarter in 1986, falling to 8,956 in 2000Q4.
Our analysis proceeds as follows. After carefully constructing variables as suggested in KS to eliminate potential definitional discrepancies, we reestimate the KS model to see if the use of a more recent sample period qualitatively alters their findings. We then focus on the impact of uncertainty on bank lending behavior by employing the return on one-year and five-year Treasury notes as well as the ten-year versus one-year Treasury term spread to generate uncertainty measures from daily data using a method originally proposed by Merton (1980) . Using these measures of financial sector uncertainty, we test whether uncertainty as well as the stance of monetary policy have significant effects on the lending behavior of small, medium and large banks with varying degrees of balance sheet strength.
Our findings can be summarized thusly. We first show that the degree of uncertainty has significant effects on bank lending behavior not only on its own (the primary effect) but also through its interaction with the strength of banks' balance sheets (the secondary effect) and through the stance of monetary policy as well as movements in output. Considering all four possible channels simultaneously, as uncertainty increases, we observe that banks holding more liquid assets alter their lending by a smaller amount (and may curtail their lending) relative to those banks which are less liquid. This may reflect the more-liquid banks' concerns for a prudent response in more turbulent times. Those banks already have exhibited a lesser appetite for risky assets, and their response may reflect those preferences. Overall, larger banks tend to alter their lending (up or down) more than their smaller coun-terparts during times of heightened uncertainty. This observation is also sensible as one could expect that larger banks would have better and more sophisticated risk management strategies than their smaller counterparts, supporting a more vigorous response.
Our second observation questions the existence of a bank lending channel. Although there is some support for the presence of a bank lending channel when total loans are considered, we find none for commercial and industrial (C&I) loans. In the light of Kashyap and Stein's (2000) emphasis on C&I loan results, it would appear that KS-type models are misspecified and deliver biased results. Hence, we conclude that there is generally little support for a bank lending channel in the US.
The rest of the paper is constructed as follows. Section 2 provides a brief survey of the literature discussing the bank lending channel. Section 3 presents the modeling framework and discusses the methodology we employ in our investigation. Section 4 documents our empirical findings, while Section 5 concludes and draws implications for future research.
The bank lending channel
There is a substantial body of theoretical and empirical literature indicating that monetary policy affects the economy beyond the well known interest rate channel. The intuition for the primary impact of monetary policy via the interest rate channel is that contractionary monetary policy leads to an increase in real interest rates, causing postponement of consumption and a reduction of investment spending. However, as Bernanke and Gertler (1995) point out, the impact of monetary policy on the economy is larger than that implied by the estimates of the interest elasticities of consumption and investment and they suggest that there must be other mechanisms at work. One possibility is that, because contractionary monetary policy decreases the core deposit funding of bank loans through reserve requirements, some banks would reduce their lending activity, as they may be unable to raise nonreservable funds to continue lending due to a failure of the ModiglianiMiller proposition. This view is termed the narrow credit channel or the bank lending channel.
An earlier study by Bernanke and Blinder (1992) finds that contractionary monetary policy leads to a decline in bank lending activity. Though consistent with the lending view, this study is criticized on the grounds that the use of aggregate data may confound a reduction in the supply of loans with reduced loan demand. Subsequently, Kashyap, Stein and Wilcox (1993; 1996) show that a monetary contraction increases the issuance of commercial paper. This evidence suggests that any reduction in observed lending is not due to a reduction in loan demand, but rather reflects a reduction in loan supply. 2 Also, Calomiris, Himmelberg and Wachtel (1995) show that during periods of monetary contraction, commercial paper-issuing firms increase trade credit extended by these firms, suggesting that larger firms take up some of the slack created as their smaller customers lose access to bank loans. Along similar lines, Nielsen (2002) concentrates on the use of trade credit by small firms (which is available to all customers, but at penalty rates) and shows that small firms use trade credit more heavily during periods of monetary contraction, supporting the evidence of a bank lending channel.
Turning to studies on bank lending behavior, Peek and Rosengren (1995) and Stein (1998) point out that poorly capitalized banks and those that carry bad loans on their books will suffer reduced access to markets for uninsured funding, and their lending behavior will be more sensitive to monetary shocks. Kishan and Opiela (2000) show that bank size and bank capital affect the ability to raise funds and maintain loan growth during periods of contractionary policy. A more influential study conducted by Kashyap and Stein (2000) employed the BHC database to find that the impact of monetary policy on bank lending activity is stronger, in particular, for small banks with less liquid balance sheets. Similarly, utilizing the approach developed by KS, researchers using European bank-level data have also begun to provide evidence in support of the bank lending channel. For example, Ehrmann, Gambacorta, Martinez-Pags, Sevestre and Worms (2003) use European macroeconomic and bank-level data to determine that banks' response to monetary policy depends crucially on their liquidity.
The bank lending channel under uncertainty
In this study we aim to broaden our understanding of banks' lending behavior considering changes in the stance of monetary policy in conjunction with variations in financial sector uncertainty by extending the basic KS model. Mainly, we focus on the effects of uncertainty that emanates from Federal Reserve actions and present evidence on the role of variations in short and long term interest rates as well as a term spread. Overall, our goal is to investigate the sensitivity of banks' lending behavior to measures of uncertainty that capture the state of the financial environment.
Surprisingly, although the existing literature contains a variety of evidence in support of the bank lending channel, it has not considered the impact of uncertainty on bank lending behavior. In the absence of uncertainty, it would be sufficient to investigate the role of key indicators of macroeconomic performance to understand the behavior of economic agents. More realistically, one must be concerned with second moments (uncertainty about the course of the macroeconomy, the volatility of interest rates, or more generally financial sector volatility) along with the first moments. These second-moment effects may be of key relevance to economic policymakers as they may have a sizable influence on commercial banks' decision-making process. Therefore, it is crucial to evaluate the degree to which financial sector uncertainty will affect banks' willingness to utilize available loanable funds. In our study, we seek to demonstrate that uncertainty has important effects on bank lending behavior, and that a model of the transmission mechanism of monetary policy which ignores the primary and secondary effects of uncertainty could be misspecified in their absence. 3 KS follow two different approaches, labelled as the two-step model and the one-step model. Since they find that the two-step approach "probably errs on the side of being overparameterized" (2000, p. 421), we particularly focus on their one-step bivariate approach which takes the following form:
where L it is a bank-level measure of lending activity, M t is a monetary policy indicator, and B it is a measure of balance sheet strength which we define, following Kashyap and Stein (2000) p. 410, as the ratio of securities plus federal funds sold to total assets. Time effects are captured by a time trend (T IM E t ) and three quarterly seasonal dummies (QU ART ER kt ). F RB ik captures geographical effects via Federal Reserve district dummies while GDP t controls for changes in overall economic activity. 4 In this specification, KS are interested in the coefficient of ∆M t−j interacted with B it−1 . Intuitively, the less liquid bank will reduce its loans if its lost insured deposits due to a contractionary monetary shock cannot be replenished by other forms of finance. Hence, one would expect to see ∂ 2 L it /∂B it ∂M t < 0 for banks lacking full access to uninsured sources of funds. To test this hypothesis, KS focus on how small and large banks differ from each other in their ability to raise uninsured forms of financing without frictions and argue that one should concentrate on ∂ 3 L it /∂B it ∂M t ∂SIZE it > 0, the size effects. The sign of this third derivative can be interpreted as implying that the effect of contractionary monetary policy will be strongest for the smallest banks, while the largest banks will be less sensitive, since they have better access to the market for uninsured funds.
Nevertheless, this approach fails to take into account the fact that loans to private borrowers exhibit both market risk and default risk. Default risk is often correlated with macroeconomic conditions as well as with financial-market outcomes such as movements in the cost of short-term funds. In that sense, we argue that the KS model omits an important variable: financial sector uncertainty. Such an omission leads to biased and inconsistent estimates of the model's parameters, and in particular of the effects of monetary policy on banks' behavior. Additionally, the KS model does not incorporate basic bank-specific variables controlling for bank capitalization, holdings of excess capital and membership in a bank holding company which could have an important effect on banks' lending behavior. 5 To overcome these problems, we develop the following modified bivariate model:
where X it is a vector of bank-specific variables including the capitalization ratio, two measures of excess capital holding 6 and an indicator for the existence of internal capital markets through membership in a bank holding company.
In our specification, a proxy for financial sector uncertainty, σ(M ) t , is integrated into the simple KS approach. Note that σ(M ) t appears both by itself and in conjunction with a measure of balance sheet strength, B t . The latter interaction term allows us to evaluate whether the effect of uncertainty on bank lending behavior differs with respect to the bank's liquidity, whereas the former term captures the direct effect of uncertainty. Our expanded model also contains two other sets of interaction terms: monetary policy-uncertainty and output growth-uncertainty interactions. These terms are incorporated in our empirical model to help us understand the impact of financial sector uncertainty in a more comprehensive way. It is highly likely that uncertainty will affect banks' lending decisions through the stance of monetary policy and the state of the overall economy. 7 Significant coefficients on the terms including σ(M ) t imply that these interaction effects have a meaningful impact on loan growth.
Identifying financial sector uncertainty
Any attempt to evaluate the effects of uncertainty σ(M ) t on banks' lending behavior requires specification of a measure of risk. In this study, we utilize three series derived from daily interest rates to generate measures of financial uncertainty. This approach allows us to control for the robustness of our findings and examine whether our results are driven by the choice of a specific uncertainty proxy. The daily interest rate series we employ to generate a measure of uncertainty include both a level and a spread from Treasury markets, accessed from the DRI-Global Insight Basic Economics database.
Generating volatility measures from daily data
A number of competing approaches for the construction of volatility measures may be found in the empirical literature. The choice of a particular specification to generate uncertainty may have a considerable impact on the empirical findings, since counterintuitive results may be merely reflecting errors of measurement in a proxy for risk. It is possible to employ a simple moving standard deviation of the policy series, at the same frequency as the data: for instance, including the past four or eight quarters' of changes in the context of quarterly data. However, this measure gives rise to sub-stantial serial correlation in the summary measure. A more sophisticated approach utilises the ability of GARCH models to mimic the "volatility clustering" often found in high-frequency financial series. However, a GARCH model fitted to monthly or quarterly data may find very weak persistence of shocks. Furthermore, a proxy for uncertainty obtained from a GARCH specification will be dependent on the choice of the model and exhibit significant variation over alternatives.
In this study we use (squared) daily changes in the series to capture that quarter's volatility, following a procedure originally proposed by Merton (1980) to better represent the uncertainty facing economic agents. In order to employ the Merton methodology to the problem at hand, we must evaluate the intra-quarterly volatility of the series from daily data. We first take the squared first difference of the daily changes (after dividing by the square root of the number of days intervening), which we then define as the daily contribution to quarterly volatility:
where the denominator expresses the effect of calendar time elapsing between observations on the x process. If data were available every calendar day, ∆φ t = 1, ∀t, but given that data are not available on weekends and holidays, ∆φ t ∈ (1, 5 Table 1 presents correlations between the volatility series which we consider in the next section (based on the interest rate on the one year and five-year Treasury note, the ten year-one year Treasury term spread) and the Bernanke and Mihov (1998) measure of the stance of U.S. monetary policy (M onP ol) discussed below. There are no meaningful correlations among the measures of uncertainty except for that of the term spread and the return on the five-year Treasury note. The measures of financial-sector uncertainty and the stance of monetary policy are, likewise, not significantly correlated.
Uncertainty as measured does not systematically increase in times of contractionary monetary policy.
Identifying the stance of monetary policy
In the context of our study, it is essential to accurately evaluate the stance of monetary policy. A simple approach is to keep track of the changes in the stock of money, but this may be misleading, as the Federal Reserve aims at smoothing short-term interest rates. The problems with this simple approach have led researchers to develop alternative methods for identifying the stance of policy. Although no clear consensus has emerged, some approaches have been highlighted in the recent literature. We have chosen to employ one of the methods used in KS' work: the method developed by Bernanke and Mihov (1998) , to measure the overall stance of U.S. monetary policy via a flexible VAR. We construct the VAR system as described in Bernanke-Mihov's work and compute the stance of monetary policy over the extended span of our BHC data. 9 4 Empirical findings
Data
We utilize the Federal Reserve System's Commercial Bank and Bank Holding Company (BHC) database, covering essentially all banks in the U.S. on a quarterly basis from 1986-2000. Our choice of starting period for our empirical analysis is motivated by the fact that data from the early 1980s may be contaminated by excessive movements in monetary policy and in uncertainty proxies during the Volcker period or Regulation Q-type restrictions. Kashyap and Stein claim to have obtained stronger results using a subsample covering 1986Q1-1993Q2 versus the sample going back to 1976, so our sample perhaps places their specification in the best light. The degree of concentration in the U.S. banking industry increased considerably over the period under study, implying that a very large fraction of the observations in the "all banks" data set are associated with quite small, local institutions. 10 Using this data set we construct our key variables following the recommendation provided in KS' appendix to ensure consistency and eliminate any potential definitional discrepancies. The dependent variable in our analysis is the growth rate of loans. We must avoid mistaking extreme growth rates caused by mergers, acquisitions or divestitures for the performance of a single bank that has not undergone such organizational changes. Accordingly, we also eliminate bank-quarter observations that register a substantial increase or decrease in their lending activity by trimming the distribution of bank loan growth rates at the 2.5 and 97.5 percentiles per calendar quarter.
We provide basic descriptive statistics on our variables in Table 2 . The number of observations referenced is the number of bank-quarters in the panel. The first several lines refer to our constructed measures of uncertainty (σ(M ) t ) while ∆mbm represents the Bernanke-Mihov measure of the stance of monetary policy. The dependent variable in our model is the growth rate of total loans (for which we have around 640,000 observations) or commercial and industrial (C&I) loans (for which we have around 612,000 observations). Finally, the B and cap. ratio variables represent a proxy for the strength of a bank's balance sheet and capitalization ratio, respectively. The following panels of Table 2 present the bank-specific variables for the small, medium, and large size categories, respectively, for both total loans and C&I loans. The thresholds for these definitions are the 95th and 99th percentile of total assets, evaluated each quarter. Thus, a particular bank may appear in different categories over time.
We see that the small banks (in terms of average or median values) have the most liquid balance sheet, with a value for B more than 50% larger than that of large banks. This observation holds whether we concentrate on the behavior of total loans or that of C&I loans. Although the average growth rates of total loans and C&I loans are greater for large banks than they are for medium and small banks, it is interesting to note that small banks in the upper quartile exhibit higher loan growth rate than large banks. Finally, the capitalization ratio is highest for small banks and lowest for large banks.
In the following subsections, we present our results. We first consider the bivariate KS model over our 1986-2000 sample period. We then integrate financial sector uncertainty into the original specification and investigate its impact on bank lending behavior for small, medium and large banks in conjunction with the stance of monetary policy. We employ each of the volatility series described above in our analysis to check for the robustness of our results. The augmented model also contains the bank-specific variables mentioned earlier.
Empirical methodology
Estimation of the models utilized in this study requires consideration of several econometric issues. In replicating the original KS model specification, we use the same estimation technique, pooled ordinary least squares (OLS), used in their study. In our augmented model, we have added not only measures of financial sector uncertainty but also several additional bank-specific variables. Those variables prove to have significant explanatory power in most of the models presented in Tables 4 and 5 . 11 We can reject the hypothesis that the effect of capitalization on loan growth is constant over the three ranges of bank capital ratios (see footnote 9).
However, these additional bank-specific variables-particularly the capitalization ratio-are not likely to satisfy the assumption of exogeneity required by OLS methods. Accordingly, the estimates of our augmented model are computed using instrumental variables (IV) estimation techniques. We instrument the first lag of the dependent variable, the capitalization ratio and the two excess capital measures with the fifth lag of the dependent variable and the first lags of the capitalization measures.
We perform several tests on the adequacy of this estimation method. The IV estimates are compared to the equivalent pooled OLS model using a Durbin-Wu-Hausman test of exogeneity. 12 The null hypothesis of that test states that OLS estimation is appropriate, while rejection favors IV meth-ods. We construct estimates of the variance-covariance matrix (V CE) of estimated parameters using the cluster-robust V CE estimator, using bank as the clustering variable. This estimator allows for arbitrary heteroskedasticity among banks (as do "White" robust standard errors) and relaxes the assumption that the error covariance matrix is diagonal, allowing for nonindependence of errors at the bank level. 13 ,14 As the presence of first-order autocorrelated errors would be problematic, we also perform the ArellanoBond test for first-order autocorrelation in a panel context. 15 Finally, instrumental variables estimates are not reliable if the instruments are "weak": if they fail to numerically identify the parameters. We perform the Kleibergen and Paap (2006) rk Lagrange Multiplier test, which has the null hypothesis that the model is underidentified. 16 A rejection indicates that the instruments are strong enough to reliably identify the parameters.
We summarize the results of these tests here. The test statistics and p-values are not reported in the tables for brevity, but are available on request. In the preponderance of estimated equations reported in Tables  4 and 5 , the Durbin-Wu-Hausman (DWH) test strongly rejects its null, indicating that IV estimation is required to produce consistent point and interval estimates. In those cases (chiefly the equations for large banks) in which the DWH null is not rejected, IV estimates are consistent if possibly inefficient. We maintain the same IV estimation technique throughout for comparability. The Arellano-Bond AR(1) test fails to reject the null of zero first-order autocorrelation in all equations reported in Tables 4 and 5 . The Anderson LR test rejects the null of underidentification in all equations, indicating that the instruments are serving their purpose of identifying the model's parameters.
Replicating the KS model
We start our investigation by replicating the KS analysis using our data set and examine whether changes in monetary policy have an effect on the sensitivity of lending activity to balance sheet strength, ∂ 2 L it /∂B it ∂M t , for small, medium and large size classes. Hence, similar to KS, for each quarter we create small, medium and large size classes based on banks' total asset distribution. Small banks are those whose total assets are less than the 95th percentile; medium banks' assets range between the 95th percentile and the 99th percentile; large banks' assets are above the 99th percentile. We then estimate the bivariate model given in equation (1).
To discuss our findings and be able to compare them with those of KS, for each model, we compute the sums of the µ (labeled M P I) and φ coefficients on the monetary policy indicator (labeled B · M P I). 17 Table 3 gives the results for total loans and C&I loans using the standard KS approach. In comparison to those results presented in KS (2000 , Table 5 , Panel B, p. 422), results for total loans depicted in Table 3 show that the summary measure for B ·M P I is insignificant for all size classes of banks. This finding from our more recent sample period refutes the presence of the bank lending channel for the US. In contrast, results for C&I loans depicted in Table 3 provide support for the bank lending view. The sum of the B · M P I coefficients is negative and significant for small banks, positive and significant for medium banks but not distinguishable from zero for large banks. Given that KS stress their results for C&I loans when they discuss their empirical evidence, we conclude that our extended data (using their model) provide support for the presence of a bank lending channel for the US.
The modified KS model: Investigating the effects of uncertainty
Our next set of results utilizes equation (2) in which we incorporate the effects of uncertainty for each size class along with several bank specific variables. In particular, we examine whether uncertainty has an impact on bank lending behavior and also whether this impact changes depending on banks' balance sheet strength, ∂L it /∂σ(M ) t and ∂ 2 L it /∂B it ∂σ(M ) t . We would like to note that our regressions also contain additional interaction terms of uncertainty to capture the impact of uncertainty on bank lending which can affect bank behavior through monetary policy (σ(M ) t−j ∆M t−j ) and output movements (σ(M ) t−j ∆GDP t−j ). Although we do not provide summary measures of their coefficients in Tables 4 and 5 , we take into account the role of monetary policy and output, as we explain in section 4.4.3 below, in the construction of the values presented in Tables 6 and 7 . Table 4 presents results for the modified bivariate model of equation (2) which uses the growth of total loans as the dependent variable and employs three different proxies to capture the presence of financial uncertainty: those based on the one-year and five-year Treasury note and the ten year-one year Treasury term spread, respectively. The table presents the sums of the µ (labeled M P I) and φ coefficients on the monetary policy indicator (labeled B · M P I) in conjunction with the bank's balance sheet strength, the sum of the λ coefficients on uncertainty σ(M ) t (labeled σ), and the sum of the ξ coefficients on uncertainty interacted with bank balance sheet strength B it σ(M ) t (labeled B · σ), for each size category. In search for the presence of a bank lending channel, we initially inspect the sum of the φ coefficients on B · M P I. For small banks, this sum is negative and significant at the 1% and 10% level when we use uncertainty measures based on five-year Treasury rates and term spreads, respectively. The same coefficient is negative but insignificant when we use the one-year Treasury uncertainty measure. For medium and large banks the sum is insignificant yet it takes a positive sign for medium banks and a negative sign for large banks. In contrast to results presented in Table 3 for the original KS specification and econometric approach, these results for total loans provide support for the presence of a bank lending channel for the US.
The extended bivariate specification for total loans
Next, we turn our attention to understanding the direct impact of financial sector uncertainty on banks' total loan growth by considering the sum of λ estimates (σ), which captures the primary effect of uncertainty on bank lending behavior, and the sum of ξ estimates (B · σ), which captures the secondary effect of uncertainty through the bank balance sheet. 18 The sum of λ estimates on uncertainty is positive and significant at the 1% level in all models for the small bank category. The same coefficient is positive and significantly different from zero in two cases for the large bank category. For the medium banks, we do not obtain any significance for the same coefficient. This result suggests that uncertainty has a direct positive impact on bank lending. During times of greater uncertainty, small and large banks are inclined to increase their total lending activities.
Uncertainty can also affect banks' lending behavior directly through its interaction with the strength of the bank balance sheet. We find that the sign of the derivative ∂ 2 L it /∂B it ∂σ(M ) t is negative for all bank sizes and significant except for two occasions. This secondary effect implies that as uncertainty increases, banks with more-liquid assets tend to reduce their loans by a larger amount than do similarly-sized banks with less-liquid assets.
However, focusing only on the two sets of terms described above, we cannot make a conclusive decision regarding the total effect of uncertainty on bank lending activity. To comprehend the overall impact of uncertainty on banks' lending behavior, we must incorporate those additional effects of uncertainty which affect banks through monetary policy and output as shown in equation (2). We discuss the total impact of uncertainty on bank lending in Tables 6 and 7 below, after we depict our results for C&I loans.
The extended bivariate specification for C&I loans
In this section we present our empirical results for C&I loans obtained from the modified bivariate model. We initially concentrate on the presence of bank lending channel. Inspection of Table 5 shows that the sum of φ (B · M P I) estimates is negative for almost all bank categories; it is positive for two cases for the medium banks. However, in none of those cases is this coefficient significant. In contrast to KS' findings and the importance they that attach to C&I loans' behavior, the failure to find support for a bank lending channel for this major loan category is a major setback to their conclusions.
Next we concentrate our attention on the relationship between banks' C&I loan activity and financial sector uncertainty. Table 5 provides evidence that financial sector uncertainty has an important direct impact on all banks' C&I lending behavior. We find that the sum of λ coefficients (denoted σ) is almost always significant. While this impact is positive and significant for the one-year and five-year Treasury rate-based uncertainty measures, it is negative for the term-spread uncertainty measure. We suspect that the primary effects of uncertainty on banks' lending behavior may be driven by the term structure of bank loans. 19 In contrast to Table 4 , we find that uncertainty does not affect C&I lending through banks' balance sheet strength. The sum of ξ coefficients (denoted B · σ), although consistently negative for all bank categories, it is significant only for the small bank category when the one-year Treasury rate is used to define the measure of uncertainty.
The total impact of uncertainty on bank lending
To understand the total impact of uncertainty on bank lending, we must simultaneously consider the direct and indirect effects of uncertainty taking account of effects through changes in monetary policy and output growth. These effects can be captured by inspecting the sums of λ, ξ, ν and ϕ estimates, respectively, while considering the stance of a bank's balance sheet strength, monetary policy and output. In Tables 6 and 7 , we provide the total effects of uncertainty on lending behavior for each size category for total and C&I loans, respectively. The tables are constructed by averaging over the three uncertainty proxies to remove the dependence of these sensitivity measures on a specific proxy. To evaluate the impact of uncertainty in various states of monetary policy and output, given the data, we compute low (25 th percentile) and high (75 th percentile) values for the monetary policy indicator and output growth rate. 20 The first three columns of each table report the 25 th , 50 th , and 75 th percentiles of banks' balance sheet strength (liquidity) across all size categories. The next three columns lay out the total long-run sensitivity of lending behavior to bank strength with respect to changes in uncertainty. For example, we compute T otal[σ|B p25 ] = 4 j=0 λ j + ν j + ϕ j + B p25 · 4 j=0 ξ j where B p25 is the level of banks' balance sheet strength measured at the 25 th percentile. The sums of λ, ξ, ν and ϕ estimates correspond to those estimated in equation (2).
Given this background, we can now interpret our results. A cursory glance at Table 6 reveals that total loans generally increase as uncertainty increases. From Table 7 , it is harder to summarize the impact of uncertainty on C&I loans as there are certain states in which banks would increase their C&I loans and other states in which they would not. Overall, larger banks tend to alter their loan portfolios more than their smaller counterparts during times of greater uncertainty. This observation is sensible as one could expect that larger banks would have better and more sophisticated risk management strategies than their smaller counterparts (see Gatev and Strahan (2003) ).
Finally, Tables 6 and 7 provide evidence that banks with lower liquidity increase their lending in response to higher uncertainty while those with higher liquidity either reduce their lending or increase it by a smaller amount. This may reflect the more-liquid banks' concerns for a prudent response in more turbulent times. Those banks already have exhibited a lesser appetite for risky assets, and their response may reflect those preferences.
Conclusions
In this paper we re-examine the effects of changes in the stance of monetary policy on banks' lending activities while considering the impact of financial sector uncertainty in that relationship. Similar to Kashyap and Stein (2000) , we concentrate on the growth rates of total loans and commercial and industrial loans for various size categories. To carry out our investigation, we use the Federal Reserve System's Commercial Bank and Bank Holding Company database which contains information on all banks regulated by the Federal Reserve System, the Federal Deposit Insurance Corporation, and the Comptroller of the Currency. Our data set covers the period between 1986-2000 on a quarterly basis, with 8,900-15,000 observations per quarter.
We start our analysis by investigating whether KS' findings receive support from our more recent data set. We then extend their model by incorporating the effects of financial sector uncertainty along with several bank-specific control variables. We observe that an increase in uncertainty generally leads larger banks to increase their loans more than their smaller counterparts. A stronger finding is on the relationship between lending activity and bank liquidity. We observe that banks holding more liquid assets alter their lending by a smaller amount (and may curtail their lending) relative to those banks which are less liquid. When we look for evidence in search of a bank lending channel, we find only weak support for such a channel with respect to total loans, and none whatsoever with respect to C&I loans.
Given our results, we must stress the importance of choosing an appropriate model and empirical methodology. 21 The conclusions of Kashyap and Stein (2000) emphasize their findings of a bank lending channel for C&I loans in the US. Using an extended specification of the model allowing for financial sector uncertainty, we find that their findings are subject to doubt. The importance of uncertainty terms in our model implies that the KS model is seriously misspecified, leading to biased findings. The same critique may be levelled at the findings of several studies that have followed in KS' footsteps as those studies also failed to incorporate variables that capture uncertainty in the financial markets or control for bank-specific factors. Hence, we conclude that any investigation of the bank lending channel should consider the potential importance of financial sector uncertainty on this relationship. 
